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ctlc£?X£)$,L rcTtm^BcrSTkmUX fc » S"Ja > 

So 

[If*5t4] *^»v^*o&?;l5S£fc*1$*i:-f 

on** si (a) mmmmcv-vmmm 
m **** c fc-r s ppwfcii 

[f§W<Dt$li&SJW] 
[0 0 0 1] 

[0 0 0 2] 

K£*©K«] CMOS Y^yJx^iz^x 

coterie PMos^mfomTtNMos^mtkm^ic 

MLXs +#fcfg<, L & IIWI*? ft 
§o t©±3&a£tett*&-r*;feai>^ PMOs^ift 

SFETli rar^y-hflBfi^WrsCMOSFE 
Tt^'ftTl/^o fcC5*>\ S#ffl^6n*pJ^P*fi 
We&Stfaj'lFf (B) ft, y-HKP¥l 
ft^8Bi3St*^S#e©SI&S!Hit ioTy- F* 

T^fci'tftU P M 0 S ¥Si#3£?® Wffltff fcSSIr 



(2) 1fPS2 0 0 0-3 3 2 2 4 5 
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[0 0 0 3] $fc> 3fi^©^ft^cD»f[:t 

?^ttft3iSA^a?ft«fc^ofcP»^^ 0 ^ft 

ft»L4««6, 0. 2 5 /t mffi^»0¥*W*3ft? fcfcl/^ 
10 T(i ^y^-l'F«3i^#-r5^-h«ffi<fcD i feMtfg 

h£y^xxv®^iig3ftfc*3fi%#-r;g»o ft> * 
y s/ y 3 yjf t # y ^xf i: © Hie „ ^ y a y t $ 
y77>7-yk<DB&%ffiit?&rc!blc. MfcfcfWNfre 

[0 0 0 4] ^ftSS©iy)fiX@fcfeV>T}i, y-K 

y^xf»y^H (ws ix) Mfcfr&iwtefts 

?X = 2. 0£t?fc, S i^jSfiJ&^y^X'r^y-y- 
J&£ftfc¥«ft««%tomL%^ 

F (WS i i ) S^CD^SJOS i«fe2tu SffiLfc 

^ y ->y nyg(?)*ffifcife* < > ^y^xtyyu * 

[0 0 0 5] 

y 3ySt^v^XrVSfc55)W*ft^y 

[0 0 0 6] ZL<D£5%:$y7ZTym<Dmit%W3±-? 
40 5fci6<0^6\ WTO 6 0-9 1 6 6^fg 

± ft«\ 5/ y a y ^^ftsfeiic f mamma, 
u y- hiftiiti^t^ y^fy^s^it 

fcT&jBLfcSL 5 0 0-1 2 00° COSatfiHT?, H 
2 0^: 1 0 p p m~ 1 0 %-§t?H 2 *-¥ 'J 7^X^liM 

a^fr^ o h 2 o <D#£fc j; ory- h mimvmm® 

fb*^it?ft> is* t lx yv a y¥mftWfctfWiR.m 
so [0007] $vyv3ymt$y?'ZTymmnz 
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ntct° v * $frmm%^?%?~- y-mmic c ©#fp^M 

00° c&Ltictz£m&&%o tczt>\ mwm^ 
ns p yp&m?%% si?p yjic?&, c ©fi^ftisfc 

y¥»ft*&fc*T^fci!|jiU P mo s ^m#m^ 

-hmmmmmh. zsv=iy¥mmwc%?$mr 10 

-So 

[0008] flfc>t\ *S8»Dgtttt, 
fi«a«^j±^ a « i: Ltcrmmn * y y y 

*-s m 0 m\ u#& ^mmm^mw&RTi P mm 

[0 0 0 9] 

[0 0 10] ±f2cD@W^ajtt--5fci6©*^C0p^ 

^mwm^m^mt, ca) ^mwm<Dmm^v- 
ymnmmmzj-mt, (b) E#*-b*e»»± 

nT^^y-httffi^^ct-^ISi:, (C) SSRtfx 30 
[0011] *5SW©¥»fta«©»Bt^SL < « p 

y 3 y&£ t/Hirt;^^ 7 xy y 3 y^si&jg-f-s c £ 
-t5\ ^M«*«t-^MPhLT, £y^ 
xfy (w) , tv/fy (Mo) wscfcwt 
§0 Site, *^©¥«#gB©»)i^tfc*^Tti, 40 

hxf- vwmmi % c twv%% 0 y y 3 

yjl £ £KJI i: ©iWfc^ y y 3 yji^»t 5»/'ja y 

W^t^ WN, TIN, ZrN, HfNt^ft 

[0 0 12] awfta&swiy-h 
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[0 0 1 3] «KS62:LT\ lGHzJillOOGHz 
©V-Y^aS 2. 4 5 GHzCDV^^D^) 

;t^y, 'sy^A, tVfbz/. *-b/yt^ 

[0014] *3SHte*n^-c\ «ifift*«arr^**7, 

[0 0 15] 4^0¥4H3»0ffifi^fc*b'T, 
L fczk&SK i: TkffitfX t fcHJIft£ IOT i: * <D tW 

SCfcfcioT^^cL fe^fOSSSt **^X ^- h « 

xetfe^r, yy 3Vji^&y-b*e«K«sjflL, 

^A^CD±l?^LS:V^SfiJ-X±> Jf * L< it 2 0 0 
° C71M6 0 0* C 0 C7!)S4 

5 0° ckl-*ck*«a[*Hf\ 

[0 0 16] ^^©pJ^W**?OWt?5»fc*JV^ 

r, p^»*#tfyyny® (M^^yyy^y 
t°py) ^t?yy avi«c vds^s^ 

B Fz) *YiyaAS!ct'>U nyftftA tfef , 

[0 0 17] *^(7)p^^ft«^S3g^t$3V^ 

ieafflt^js-rsfci&owKafcLT, ^m«^x, 

ft^fxfc ioTiras»*fi*%7^y yiff^m, mm 

(mXiis N i 0§©N i Pt^Pt 0 2 ^© 

PtMl, Pd^PdO^cDPd^MKs Ir^i 
^ Ru^RuOifiDRuMilv Ag^AgaO^© 



IGHzftMlOOGHz © v-f (M&J& 2 . 

a^stcjsgAbfe^ jmtfxRxfmmuxic 1 gh z 

71S1 OOGHz^^nS (M?Ui\ 2. 4 5GH 
z©v^?p$) £J^-r3Cfcfc,fc-3T>0<J&££j«*lO [0 0 19] 

0 2 (X* Ig") + e -» 0 2 (a'Eu*) + e 

Oz (A ! Iu*) + e 



(4) #12 0 0 0-3 3 2 2 4 5 
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[0 0 18] v^^n^ttfccfcoT^Lfc^*^ 

xvfc^v^T«> mjmmoz (x 3 zg") &*?©« 



mcx^xmmmoz (a 3 e u *) xao z (b 
u") tg&jestu jf-n^n, WTosoidfc 



o 2 
o 2 



o 



( 3 p) 



+ 0 ( P) + e 



(X'Zg") + e -> 0 2 (B J Zu") + 
(B 3 Zu") + e -> 0 ( 3 P) +0 ( ! D) 



[0 0 2 0] S^T, ^*7°9Xv4ifc^ij^^^ 
«H 2 %^A-r^i:, OT©£?&7^Xv^3y?)nr 

•So 

[00 2 1] H 2 + e -> 2H S (2) 

[0 0 2 2] ^-LTs HfgX9Xv©a M^fcTS (1 

-2) x^bkmmf^x^t^. (2) T^bfc7i< 
^sn^asftcDijm ass way- Misofjffit^ 

<^T\ ^7?XRtf7jc^^X{c lGHzftSlOOGH 
z©^^7Df 2. 45GHz©V-f70 

[0 0 2 3] 

2H + 0 C P) -* H 2 0 S (3) 
[0 0 2 4] *^©p^lW*j|E?©S!Ji7K6fc»-3 

is (a) tT^si*fli©gffik:y-ne«K% 

9 XvgftMS £(>?£) fr&$3<:£ftW8:U\ 



+ e 
NO, 



20 



30 



a (1-1) 
a (1-2) 
a (1-3) 
a (1-4) 

N 2 0, N0 2 f, S*Ji^ltlf» 
H^tfX^ N 2 > NO, N 2 0%XtN02frt>m%mfr 

L<, ifl«iigatLT8 0 0° C7S1 2 0 0" 

c % ipgaaiai^w t lt 1 ownrn 1 m ra^j^f s c 

[0 0 2 5] SUS^XtLTSjl (N 2 ) HX%m^ 

mm (n 2 ) a, v^d^c^sx^xv^ 

«J5)cf SIKW S i S i -0|g£) %^J»fL 

t, Sffc^ffcii (m«\ s 1-0-NKS-&) fe^? 



»*JRi!fr^#SBI*ff*i:L^ itfgtfX (N 2 # 
N 2 (x'Eg) + e -» N 2 
N 2 (N'lg) + e -> N 2 
N 2 (C 3 nu) + e -» N2 
N 2 (B 3 ng) + e -* N 2 

[0027] iicDi^fc, f^x^mamm^ c t 



S i OxN 
»$40 [0 0 2 6] 
(A 3 Eu') + e 

(c 3 n u ) + e 
(B 3 n g ) + hv 

(A ! Zu*) + h v 



50 



a (4-1) 
a (4-2) 

a (4-3) 

a (4-4) 

vmmm^mmhx^mwmic^xmmLs P ® 
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coo2 8] =s>¥mfomR*mcLTMo sm¥ 

SMfc, NH<OH/H 2 0 2 7K^Tlft)#LMfcHC 1 
/H 2 0 2 ;J<^T»T?) ti/^RC A2ft#fc<fc 5 s/«J 
3y¥»#S$t©»&$3§U ^©J»P>»i^> 

0 . 5 ~ 1 n mg*© V V 3 y ftffcKffJ&S s n« o 

o->'j ay W^tsw^^St?. io 
r\ 7y{fc**gbk»i£fc5/y 3>^i«^iiL 

«-gw<7 nfc y y a y^mfa&m 

nfc */ y 3 y^#»s^o^ffi^f# s c £ « , ^mmm 

«M»st*^-rSo 20 

[0 0 2 9] flnS»ftS£fc»3*y-h8yf 

£©£5&ili^ 7vfc*3Rlteki8?fcB: 
$?tlfcS i -H3e-&©-a5feSV^iXS i -FIS^CD 

iB0-r3i:#7tS>ftTV^o 09*fcJ, 7;Va>7>f7ffn? 
yj3yWt«St6 0 0" CJKJbfc^&'f-SfcS'y 30 

[0 0 3 0] *^©p^^#:^cDS3fi^Sfcfe-z> 
THu IS (A) fcfc^T, ¥^ftJf€>S®fr£>¥*gft 

k ¥m&m*3i\m$.ir%m?tfs ix&zmf!, bp 

^WtJi^y y 3 >^^»SSs j&gjiyyny 
Ms # 'J y y 3 yg&3 Wi7*;V7 ?xy y 3 yj§fr 

s i - Hmsftwffi-z na^aa, &3WiXs 
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a*tA\i WftQtifi (ioo) c->'j3«ii^ 
t fc w- 5 TkHiic?*?)*^ y y 3 yji? cd 2 *©iB-&# 

©Wfn£10fO*g-&LT:fc»K H-S i-HCDH 
aym=?V l *©IS^o*t7j<«Jl^^M-&L^«^ 

*n^tl{C7j<*Jg^^lS-&L7C«®«^«3fi^#ftf- 

©s/UavB^fclS^l/T^S. *BM*fcfcnt§ rs 
y y aym=f(D l *<ol^#<o*k:**jg?*^Lfe 
T«*S^n« 0 MBfltK®£j£ 

/V— 7y h©iii*»6a*tv\ 
[003 1] ^ II (A) fc*fl,vt\ MliHtffifcJ; 

«ScA^7 bfc 1 0^#ft)iCSJS«. 6 o 073S i 2 
0 0° C, £?3;L<&7 OOTIjMI 0 0 0° C, JEfcJ? 
*L<(i7 5 07iI9 0 0' cm<:^I*l^ 

[0032] ^mmmmcrmm, m#mvm 

mmimicx^xmrnm^icr^^x^f- h®mm% 
mm^immt, 6 o onm 1 2 0 0° c 

<&7 OOftSl 0 0 0° C, Hfc»SL<»7 5 07!i 
19 00° CT^Ci^UU^ $s 

fcLTJis 5 0 0° C, $?%L<lt4 5 0° C, 

fL<(i4 00" c*Wcim«, 



(6) 

9 

o ) s/ u 3 vo^ffit a&-f x fy^k "fans SMtf 
hfrnmomma, *m#mt lt a o io 

o) ^'Jav^Nfftifi^^^ InmfiLhit 
CO 0 3 3] % 1 <Of~ Vmm&f$3Mt%2.<D>f- 

SL<»*EE3SW£Ci:-#-S*\ fc£W±X, 7j<HM£-& 
TtH^WSnT^Tt cnfc£oT, Hi coy 

fc*a-r*jic?**s i vms, % i ©y- Me«M 

#VH (S i •) -^S i OH^#SXStfct/^TMU-y 
y7tfR££j£U yvxy#y>?y y?#y FMmL 

»3<Dy-M@fii (yynyM) t^LT^n^-e 

^nyy^jge^fcLTfi, W*tf % Igffakfg (H 
Cl), CC1, N C 2 H C 1 3 N Clu H B r , N Fs 

J£li£*¥fcL-T, o. oo i~i og*%, 2?$L< 

ao. o o 5~i omm%, sfc»*t<ao. 02- 40 

1 0fi%t$? o W ttflSjC* # X*fl! V ^ 

<§mm± o . o2~i omm%T°%%> c timtz 

[0 0 3 4] *^©73jSKfeV^T», Mfifi§l<D 

(tzdb) wsBtxsmmmm (tddb) 
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TTlS^ LT, ffiSR, HjR, 77*W^Ct^?? 

«\ lg{fc7j<iS (H C 1 ) , C C 1 « s C 2 H C 1 3, C 
1 2 > HBr, NFiW4£tms, 

tsi3x<p<D/\a^yftm(D^mis ft^xmt-&m<D 
mm%s&tLTs o. ooi-ioti% $f$t< 

ttO. 005~10§1%, ItffSKSO. 0 2- 

i a „ fw^.att<fc**3!rx*fflif-»sii^ % 

*3R5C%^tf ^fXtfi©*{t*Jll?!f 0 . 0 2- 

coo3 5] ^^nfc^r- vmm<Dmm:-mfa±. 

[0036] »l?)i?BM£\ >\ny>7c 

^u^y^m^^t^mm^mmM^^- vm 
(tzdb) mmxsmwmmm (tddb) mmc 

tLT, MM, Hit, 77l%W5^J:^t2^ 

l(HCl), CC1., C2 H C 1 3 x C 1 2 , HBr, 
N F 3 C ^Stt^X 4»©7nd y > 

0. 00 1~10fi% ^*L<ttO. 00 5-1 0 
^*%, Mfc»$L<S0. 0 2~10§I%m„ 

7K^77X^#^^ 0 . 0 2~i omm%T>tb%> c tt>m 
[0037] y-h««Bi©jgj*fciW!iafc*ii- 

MS^fiTlf 5 c i:*^*So Sft5Da©Mfitt, 7 0 0 
— 1 2 00° C, ffft<S7 00~1 000" CM 
t»$L<«7 0 0-9 5 0° CfM„ $fc s »S 
IfcHJiMfcTfTd^ l~l0^frsc 
iWSKs ^7f-SfcTR?^ 5-6 0^\ 
SKiil 0-4 0#> Jgte»SL<»2 0~3 

[0038] ^a^T^i^ ^«n^y-n6i» 
m^mtrat<Dm^M&^r^Uhr^^u mm 
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#X> ^V?l*%x*&m-?zz.£ijf-z%z 0 *xa?y 

lis mi&m (HC 1) , CC 1,, C;HC In C 
In H B r s HV*-%Wf&C £tPZ%%, ^Stt#X 

W$tLT, 0. 0 0 1~10Si%, £?gL<&0. 

0 0 5~10?I% IfcffJKBO. 0 2-1 10 

^fXff ©«ffc*3R*X^**ii 0 . 0 2-1 0§«%T 

[ 0 0 3 9 ] mw, ~>v a y^ft^oSffifcy- k 

$6f§«^j£-f £fulCs NH<0 H/H 2 Os 

5. tc?>h\ i/ >; a y^mfommti^mm 20 

H) fc*S-&TS«tffc£ (09*fe^ £K "Highly-relia 
ble Gate Oxide Foriatlon for Giga-Scale LSIs by us 
ing Closed Wet Cleaning System and Wet Oxidation w 
ith Ultra-Dry Unloading", J. Yugami, et al., Inter 
national Electron Device MeetingTechnical Digest 9 
5, pp 855-858 0 C€>,fc?&#&, ^CDS: 

bM»45t7j<^^». a&3w*x, wmis i- 

S/iJny^y^ijy^yF (Si •) -f>S i 

- Hinn" 1 1 ^ rcxm^znz h mmmom^ 

%>&W&X. S i-O-S iM^/S77«cJ;oTffi^^ 
nSKBS i-O-S i^©^S*W^^L<«A 

jitoi/V 3Vffltm$as i - o-s im-SKDM&t 

mftzt^-ofcs i-o-s i m-&t>^%titc¥- 
Bm<DUfi*nm-&o ztm., co^^moym^. 40 
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[0040] v-Ymmm<D^m^^x7 : 7X^m.\t 
%z&xmmxx%mx?%t>\ mm, 

^x^^A-rtx«<3;</\ (fit, com^lcl*. »§f(K 
7kH # X IftjR # X KJS L T »1 L ft v a ft 
T?Sbfc*&, 1 8. 3S»%«T) s »su<»a» 

(K«i:©sa%TgLfc«-&, 1 5. omm%m 

[0 0 4 1] L/Tfis S/'J a ^W^ia 

MCZ& DLCZ?i, fzs^, $nMftssa"Pf^K 
^in^.6n/ v cfe©-?t.«fcv\ ^«ftwt4s i-G 

[0 0 4 2] *^fc*V^Ttt, i»R^X&tf*}R^X 

^c^wtxst^^T, >-u a ymi?t>>f- hmm 
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[0 0 4 3] 

[0044] mmm i ) *%m<DmmimLtc#m 
&<D-?7X-?mgmw<Dm&®*m i tc^-r 0 c<dx^ 
x^-Mass^ Mas i o (ussm i t 

xi 1 1, %mm \ ommcmmtitcmzi 3t, 
Masi oommcmvwfzntc^tuwmgmi 

4 t, MIS 1 O<0K»teEKS*i;fc#xgMJSPl 6 
A, 16B, 1 6 Cfr&fcJSgSftTVS. MaSl 0 
tX OAt, X^XvMSiSttU 0 

o^toirt-^fc^iraiffS: i 2-e^7vy^xf- 
Xl l f*3fc*W>5ftTVS. v-r^nSflfigWl 4fc& 
vX?-Xti>i 5#®!DlW&tu vX^hnvi 5te 

GHzftMl 0 OGH zCDT-r^D?g <M%. 
«\ 2. 4 5GHzOY-f^Ut) *^?t^nv V 

x^ni&^wi 4^frLT^^?. -^x ^DsaMa^ 
#*wasp 1 6 a, 1 6 b, i6 cc^n^n^esaa 

(cPM^nSo Masi oco^-gpfcttMasi oflgw* 
SMtst/^dtMasi o©^gp©?gfi^f[j«)t-sfc 

[0 0 4 5] 7°^Xv£$StiS l OAtis^t, steR^f 
XRWmfiXlc IGHzMIOOGHz ©V-f £ n 

x^vm^hZo 7°9XvMats«i oBfc&'t^ a> 
[oo4 6]^ s ^x^m\m^um^x^mwm^ 

mm 1 0 AtfeV^T. *JK*X&aiBISj!fXfc 1 GH z 
ftSl 0 0GHz©-=r-<^ajg (#Rfc^ 2. 4 5GH 
z p«) *Jgffr .g C t IC J; o T*3R^*4ja 

StX X^XvMa^^i OBfcfc^T, CCD 
7j<l«^ffl^Ta«gffi©Wfcg%lt{fcX3o Hfc 

a, x^xvsftMa^fT^^fca, x^x-v^m 

$1 0 Ale&^T, WmmftXlC 1 G H z7!jM 1 0 0 G 
HzO^^ni ({flRli 2. 45GHz©7^f^n 

3SD wnctia^t, s 



(8) #W2 0 0 0-33 2 2 4 5 
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?€^o x^xv^aiiss i oBfc43^T, 

[0047] mmmi icfe^ta, ¥*wi£:lt$"j 
3^»frg«wxc 0 sfc ussw i knives, 

X9Xv^m*^MLfeo 0 1 fc/^L/cX^XvMa 

[0 0 4 8] 1 0 0] 9cf. v y% K-XlXc 

tg8^Vf©NlJ"j3V>lA (CZ&k:T{t§© 

0 smmmtm^mmmz i^mu #^t*7 

20 ti 5/ u ^ y^^ais 2 0 <omm<om&^m^mm 
ft <t s 3/ y 3 > 2 0 ©Sffi^?f v\ ^ 

'J3>fiftll2 0©J«®fcB£#£ (H2© 
(A) » „ ^ ^ij 3 y^i#H2 0<7)gffi{iA 

[0049] DjS- 1 1 0] #fc % yvay^mfom 
12 0^ HI t^L^X^XvMaSBfcBl^L^t.^ 

mfrzmxu xr-^i lfctiom ^x^asp 

30 1 7*^^gtt^fx (M^«'S«*X) ^Masi op'g 

t«At«c *LT, to^S 1 2ic<fcoT^U3>^ 
¥#:Sffi2 0^8 0 0° CtMXSo 
[0 0 5 0] [IS- 1 2 0] ^LT, if^MT^S 

^ v a y 2 0 <Dmmiz x- h leitM 22^ 

fi5cX3 0 We, #^ffl^XtLTcD^gtt^X 
SSRtfX) cDMSSl 0^©»A%*BfUs *X^A 
S(5 1 6 A&GP^X#ASI5 1 6 B 1 0 ftfc** 

40 jjgUfel GHz7!fMl OOGHzOV^^pjg ($Jx. 
«x 2. 45GHz©V^^Pi) ^V^^nM^Mt 

1 4^LTMaSl 0©X5Xv448ftj«l OAfci 
AX?. 0 cniaoT, MPt., 7K^^XRtf®m^Xfc 

fiMKri-ctiaoT, ixEos (i-i) ~ 

(1-4) cDSJSs RUtS (2) , S (3) <Dfcfctf§: 
IA *§R^C*^fSo %*Lfc7fcTOiMaS 1 0<D 

^ g 1 2 fc i o Tto^? nfc^ftJi (m»ft9fc a v v 

50 ¥#ftS«*ffifcjg? 2 n mCOX- YWmBZ 2 
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•rzct&vzz (02 cd (b) « . v-hwm 
[0051] tan] 

v7^P$ffc>3 : 1 0 kW 
v^*nifcjgii$R : 2. 4 5 GHz 
SjRjSttJJfUl : 10SLM 

X&fc* : 0 . 2 S L M 
mmUA : 8 00° C 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a semiconductor device exposing a layered product which a 
silicon layer and a metal layer were laminated by a steam and hydrogen gas which were 
generated by irradiating oxygen gas and hydrogen gas with electromagnetic waves, and a silicon 
layer exposed to the side. 

[Claim 2]A manufacturing method of the semiconductor device according to claim 1 which a 
metal layer comprises tungsten and is characterized by a layered product being a gate electrode. 

[Claim 3]A manufacturing method of the semiconductor device according to claim 1 oxidizing 
only the surface of an exposed silicon layer. 

[Claim 4]A manufacturing method of the semiconductor device according to claim 1, wherein 
electromagnetic waves are microwave. 

[Claim 5](A) A process of forming a process of forming gate dielectric film on the surface of a 
semiconductor layer, and a gate electrode which a silicon layer containing p type impurities and a 
metal layer are laminated, and changes on (B) this gate dielectric film, (C) A manufacturing 
method of a p type semiconductor element provided with a process of exposing a gate electrode 
to a steam and hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas 
with electromagnetic waves. 

[Claim 6]A manufacturing method of the p type semiconductor element according to claim 5, 
wherein a metal layer comprises tungsten. 

[Claim 7]A manufacturing method of the p type semiconductor element according to claim 5 
oxidizing only the surface of an exposed silicon layer. 

[Claim 8]A manufacturing method of the p type semiconductor element according to claim 5, 
wherein electromagnetic waves are microwave. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of a semiconductor 

device, and the manufacturing method of a p type semiconductor element. 

[0002] 

[Description of the Prior Art]In recent years, in a CMOS transistor, voltage lowering is attained 
for low power consumption, therefore, enough low moreover, symmetrical threshold voltage is 
required from a PMOS semiconductor device and an NMOS semiconductor device. In order to 
cope with such a demand, in a PMOS semiconductor device, the gate electrode which comprised 
a polysilicon layer containing an old n type impurity is replaced, and the gate electrode which 
comprised a polysilicon layer containing p type impurities is used. CMOSFET of such a structure 
is called CMOSFET which has dual gate structure. However, by various kinds of heat treatments 
in the semiconductor device manufacturing process after gate electrode formation, the boron 
atoms (B) which are p type impurities usually used pass gate dielectric film from a gate 
electrode, reach even a silicon semiconductor substrate easily, and fluctuate the threshold 
voltage of a PMOS semiconductor device. Such a phenomenon appears much more notably, 
when gate dielectric film is made much more thin for voltage lowering. 

[0003]There is a problem that rate - limiting [ of the working speed of a semiconductor device ] is 
carried out by RC delay in wiring of electrodes, such as a gate electrode, a gate wire, etc., with 
high integration of Integrated Circuit Sub-Division by the minuteness making of a semiconductor 
device in recent years. So, the gate electrode of the two-layer structure (polycide structure) of 
a polysilicon layer and a metal silicide layer is used instead of the polysilicon layer monolayer as 
a gate electrode. However, in the semiconductor device after a 0.25-micrometer generation, the 
gate electrode of low resistance is further called for rather than the gate electrode which has 
polycide structure, and the gate electrode which has polymetal structure attracts attention in 
recent years. Here, the gate electrode which has polymetal structure has the structure where 
the polysilicon layer and the tungsten layer were laminated. Between the polysilicon layer and 
the tungsten layer, in order to prevent the reaction of silicon and tungsten, the reaction inhibiting 
layer which comprises WN, for example is formed. 

[0004]In the manufacturing process of a semiconductor device, oxidation is performed, after 
forming a gate electrode and aiming at improvement in the characteristic of a semiconductor 
device, or reliability. In the gate electrode which has the polycide structure which comprises a 
polysilicon layer and a tungsten silicide (WSi x ) layer, a tungsten silicide layer with superfluous Si 
is usually used as a tungsten silicide layer rather than X= 2.0 which is a stoichiometric 
composition. In a back oxidation process, a semiconductor substrate is put on an oxidizing 
atmosphere, heating the semiconductor substrate in which the gate electrode was formed. Of 
this, Si of the surplus in a tungsten silicide (WSi x ) layer oxidizes, and silicon oxide is formed not 

only in the surface of the exposed polysilicon layer but in the surface of a tungsten silicide layer. 
[0005] 
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[Problem(s) to be Solved by the lnvention]When it applies to the gate electrode which, on the 
other hand, has the polymetal structure where the polysilicon layer and the tungsten layer were 
laminated in post-oxidation, a tungsten layer oxidizes and it becomes W0 3 - Since big cubical 
expansion is followed on oxidation of a tungsten layer, exfoliation of a tungsten layer, etc. occur 
and there is a problem of it becoming impossible to manufacture a semiconductor device. 
[0006]The method for preventing oxidation of such a tungsten layer is publicly known from 
JP,S60-9166,A, for example. According to the art indicated by this patent published unexamined 
application, form gate oxide on a silicon semiconductor substrate, and on gate oxide in for 
example, the temperature requirement of 500-1200 degree[ after forming the electrode which 
comprises tungsten ] C. It heat-treats in the H 2 carrier gas which contains H 2 0 10 ppm - 10%. 
The thickness of gate oxide becomes thick by existence of H 2 0, by existence of H 2 gas, 
oxidation of a tungsten layer is prevented and a silicon semiconductor substrate oxidizes 
selectively as a result. 

[0007]When the art indicated by this patent published unexamined application is applied to the 
gate electrode which has the polymetal structure where the polysilicon layer and the tungsten 
| ayer were laminated, it is necessary to carry out ambient temperature more than 800 degreeC. 
However, after this, in an oxidation process, the boron atoms which are p type impurities usually 
used pass gate dielectric film from a gate electrode, reach even a silicon semiconductor 
substrate easily, and fluctuate the threshold voltage of a PMOS semiconductor device. And 
since hydrogen gas is contained in the atmosphere of hot post-oxidation, the enhanced diffusion 
by hydrogen arises, and boron atoms pass gate dielectric film from a gate electrode still more 
easily, and reach even a silicon semiconductor substrate. 

[0008]Therefore, when oxidizing after the purpose of this invention aims at the improvement of 
the characteristic of a semiconductor device and reliability to the gate electrode which has 
polymetal structure, for example, The exposed surface of a polysilicon layer can be oxidized 
selectively and it is in providing the manufacturing method of a semiconductor device and the 
manufacturing method of a p type semiconductor element which can moreover control change of 
the threshold voltage of the semiconductor device resulting from post-oxidation as much as 
possible. 
[0009] 

[Means for Solving the ProblemjA silicon layer and a metal layer are laminated by a steam and 
hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas with 
electromagnetic waves, and a manufacturing method of a semiconductor device of this invention 
for attaining the above-mentioned purpose exposes a layered product which a silicon layer 
exposed to the side. 

[001 0]A manufacturing method of a p type semiconductor element of this invention for attaining 
the above-mentioned purpose, (A) A process of forming a process of forming gate dielectric film 
on the surface of a semiconductor layer, and a gate electrode which a silicon layer containing p 
type impurities and a metal layer are laminated, and changes on (B) this gate dielectric film, (C) It 
has a process of exposing a gate electrode to a steam and hydrogen gas which were generated 
by irradiating oxygen gas and hydrogen gas with electromagnetic waves. 

[001 1]In a manufacturing method of a semiconductor device of this invention, or a manufacturing 
method (these may be hereafter called this invention generically) of a p type semiconductor 
element, a silicon layer can consist of polysilicon or an amorphous silicon. On the other hand, 
tungsten (W) and molybdenum (Mo) can be mentioned as a material which constitutes a metal 
layer. In a manufacturing method of a semiconductor device of this invention, a gate electrode 
can be mentioned as a layered product. It is preferred to form a reaction inhibiting layer which 
comprises various metal nitrides, such as WN, TiN, ZrN, and HfN, between a silicon layer and a 
metal layer, for example, in order to prevent a reaction of a silicon atom which constitutes a 
silicon layer, and a metal atom which constitutes a metal layer. 

[0012]In this invention, it is preferred by optimizing or controlling cooking temperature of a 
steam to atmosphere surrounding a layered product or a gate electrode and the amount of 
supply of hydrogen gas, a layered product, or a gate electrode to oxidize only the surface of an 
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exposed silicon layer. That is, it is preferred to oxidize only the surface of a silicon layer 
selectively, without oxidizing a metal layer. If it depends on conditions of cooking temperature of 
a steam to atmosphere surrounding a layered product or a gate electrode and the amount of 
supply of hydrogen gas, a layered product, or a gate electrode, it is unavoidable that a metal 
layer oxidizes to such an extent that it does not pose a problem practically. 
[0013]As electromagnetic waves, microwave (1 GHz thru/or 100 GHz) (for example, 2.45-GHz 
microwave) can be used. A layered product or a gate electrode may be exposed into atmosphere 
which diluted a steam and hydrogen gas with inactive gas, such as nitrogen, argon, helium, neon, 
krypton, and a xenon. 

[0014]In this invention, it can be considered as gas which should irradiate with electromagnetic 
waves, and NO and N 2 0 can also be used instead of oxygen gas. 

[0015]temperature of a layered product when exposing a layered product to a steam and 
hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas with 
electromagnetic waves in a manufacturing method of a semiconductor device of this invention — 
or in a manufacturing method of a p type semiconductor element of this invention again, In this 
process p type impurities temperature of a gate electrode when exposing a gate electrode to a 
steam and hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas with 
electromagnetic waves, It is [ temperature which passes gate dielectric film from a silicon layer, 
and does not reach even a semiconductor layer, and beyond temperature that a steam does not 
specifically dew on it ] preferably desirable 200degreeC thru/or 600degreeC, and to be referred 
to as 200degreeC thru/or 450 degreeC much more preferably. 

[0016]As a formation method of a gate electrode which a silicon layer (for example, a polysilicon 
layer and an amorphous silicon layer) and a metal layer containing p type impurities are laminated 
in a manufacturing method of a p type semiconductor element of this invention, and changes, For 
example, after producing a silicon layer containing p type impurities (for example, boron) on gate 
dielectric film based on a CVD method, produce a metal layer on the whole surface and it ranks 
second, After forming a method of patterning a metal layer and a silicon layer, and a silicon layer 
which does not contain an impurity on gate dielectric film with a CVD method and pouring p type 
impurities (for example, boron and BF 2 ) into a silicon layer with ion implantation, A metal layer is 

produced on the whole surface, it ranks second and a method of patterning a metal layer and a 
silicon layer can be mentioned. 

[0017]In a manufacturing method of a p type semiconductor element of this invention, dry 
oxygen gas and a steam can be mentioned as an oxidation seed for forming gate dielectric film in 
the surface of a semiconductor layer in said process (A). A way a method of making a steam 
generate burns oxygen gas and hydrogen gas (the pyrogenic method), How to carry out bubbling 
of the heating pure water with a method, oxygen gas, or inactive gas which heats pure water, a 
catalyst (for example, Pt system catalysts, such as nickel system catalysts, such as NiO, Pt, and 
Pt0 2 ,.) Ru system catalysts, such as Pd system catalysts, such as Pd and PdO, Ir system 

catalyst, Ru, and Ru0 2 , Although it can also be considered as a method to which hydrogen gas 

and a oxidizing gas are made to react based on a catalysis using Co system catalysts, such as 
Mn system catalysts, such as Cu system catalysts, such as Ag system catalysts, such as Ag and 
Ag 2 0, Au system catalyst, and CuO, and Mn0 2 , and Co 3 0 4 , To hydrogen gas and oxygen gas 

microwave (1 GHz thru/or 100 GHzX How to irradiate with (for example, 2.45-GHz microwave) 
(for convenience hereafter) After calling it a plasma oxidation method, i.e., carrying in a substrate 
to a plasma treatment apparatus, It is desirable by irradiating hydrogen gas and oxygen gas with 
microwave (1 GHz thru/or 100 GHz) (for example, 2.45-GHz microwave) to make a steam 
generate and to make a semiconductor layer into a method of oxidizing using this steam. A 
method of forming gate dielectric film in a semiconductor layer surface based on a generation 
method of these steams may be generically called a humidification oxidation style. 
[0018]In oxygen plasma generated by microwave discharge, Ground state 0 2 (X 3 sigmag~ ) is 

excited by electronic collision at excitation state 0 9 (A 3 sigmau + ) or 0 9 (B 3 sigmau ), and 
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dissociates to an oxygen atom like the following formulas, respectively. 
[0019] 

0 2 (X 3 sigmag " )+e -> 0 2 (A 3 sigmau + )+e Formula (1-1) 
0 2 (A 3 sigmau + )+e -> 0( 3 P)+0( 3 P)+e Formula (1-2) 
0 2 (X 3 sigmag " )+e -> 0 2 (B 3 sigmau " )+e Formula (1-3) 
0 2 (B 3 sigmau " )+e -> 0( 3 P)+0( 1 D)+e Formula (1-4) 

[0020]Therefore, an excitation oxygen molecule and an oxygen atom exist in oxygen plasma, and 
these serve as reacting species. If hydrogen H 2 is introduced here, the following plasma will 

generate. 

[0021]H 2 +e -> 2H Formula (2) 

[0022]And oxygen plasma generated by a formula (1-2) among oxygen plasma and hydrogen 
plasma generated by a formula (2) react, and a steam generates. And the surface of a silicon 
layer exposed to the side of a heated layered product or the side of a gate electrode oxidizes 
with this steam, and an oxide film is formed in the surface. In this invention, some steams 
generated by irradiating oxygen gas and hydrogen gas with microwave (1 GHz thru/or 100 GHz) 
(for example, 2.45-GHz microwave) are the plasma state. 
[0023] 

2H+0( 3 P) -> H 2 0 Formula (3) 

[0024]If it is in a manufacturing method of a p type semiconductor element of this invention, a 
nitriding step of gate dielectric film can be included in a process of forming gate dielectric film on 
the surface of a semiconductor layer at a process (A). As for this nitriding step, it is preferred to 
comprise a process (it is called plasma nitriding processing for convenience), nitriding [ with 
nitrogen molecules, nitrogen-molecules ion, a nitrogen atom, or nitrogen atom ion of an 
excitation state generated by irradiating nitrogen system gas with electromagnetic waves / the 
surface of gate dielectric film ]. It can be considered as nitrogen system gas which should 
irradiate with electromagnetic waves, and N 2 0, NO, N0 2 besides nitrogen gas (N 2 gas), etc. can 
illustrate gas which is a compound of a nitrogen atom and an oxygen atom. That is, nitrogen 
system gas can be made into at least one kind of gas chosen from a group which comprises N 2 , 
NO, N 2 0, and N0 2 . Nitrogen system gas may be the gas which mixed at least two kinds of these 
gases. When heat-treating after performing nitriding treatment on the surface of gate dielectric 
film aims at relaxation of a damage produced in gate dielectric film, it is preferred. It is desirable 
to perform heat-treatment by inert gas atmospheres, such as nitrogen gas, and 10 seconds 
thru/or 1 hour can be illustrated as 800degreeC thru/or 1200degreeC, and heat-treatment time 
as a heat-treatment temperature. 

[0025]When using nitrogen (N 2 ) gas as nitrogen system gas, nitrogen (N 2 ) is excited like the 

following formulas in plasma by microwave, for example. That is, nitrogen molecules and 
nitrogen-molecules ion which an electron which exists in plasma was excited and were excited 
by inelastic collision of this and nitrogen molecules are generated. Combination (when an atom 
which mainly constitutes a semiconductor layer is Si, it is Si-0 combination) with an atom and 
an oxygen atom in which these nitrogen molecules and nitrogen-molecules ion that were excited 
mainly constitute a semiconductor layer of the surface of gate dielectric film is cut, Nitriding [ a 
nitriding oxide (for example, Si-O-N combination) is formed, and / the surface of gate dielectric 
film ]. A presentation of the surface of gate dielectric film is expressed with SiO x N y when an 

atom which mainly constitutes a semiconductor layer is Si. 
[0026] 

N 2 (X 1 sigmag)+e -> N 2 (A 3 sigmau + )+e Formula (4-1) 
N 2 (N 1 sigmag)+e -> N 2 (C 3 piu)+e Formula (4-2) 
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N 2 (C 3 piu)+e -> N 2 (B 3 pig)+hnu Formula (4-3) 
N 2 (B 3 pig)+e -> N 2 (A 3 sigmau + )+hnu Formula (4-4) 

[0027]Thus, the nitriding [ the surface of gate dielectric film ] by performing plasma nitriding 
processing, And since nitriding treatment [ nitriding / ordinary temperature / there is no 
necessity of performing nitriding treatment at a high temperature like a thermal nitriding method, 
for example, / nitriding treatment / the surface of gate dielectric film ] can be performed, There 
is no adverse effect to the semiconductor device characteristics, such as a fall of a problem in 
introduction into gate dielectric film of a nitrogen atom by a thermal nitriding method, i.e., current 
driving capacity by nitrogen invading into a silicon semiconductor substrate. Boron atoms 
contained in a silicon layer by nitriding treatment can pass gate dielectric film, and can reach 
even a semiconductor layer, and a phenomenon of changing threshold voltage of a p type 
semiconductor element can be avoided much more certainly. 

[0028]When a MOS type semiconductor device is manufactured based on a silicon 
semiconductor substrate, Before forming gate dielectric film conventionally, RCA washing that 
NH 4 OH/H 2 0 2 solution washes and HCI/H 2 0 2 solution washes further washes the surface of a 
silicon semiconductor substrate, and particles and a metal impurity are removed from the 
surface. By the way, if RCA washing is performed, the surface of a silicon semiconductor 
substrate will react to a penetrant remover, and silicon oxide about 0.5-1 nm thick will be 
formed. Thickness of this silicon oxide is uneven and, moreover, a penetrant remover ingredient 
remains in this silicon oxide. Then, a silicon semiconductor substrate is immersed in hydrofluoric 
acid solution, and this silicon oxide is removed, and also pure water removes a chemical 
component. The surface of a silicon semiconductor substrate where the termination of most was 
carried out from hydrogen by this, and the termination of the part was carried out very much 
with fluoride can be obtained. On these Descriptions, if the surface of a silicon semiconductor 
substrate is exposed, it will express obtaining the surface of a silicon semiconductor substrate 
where the termination of most was carried out by such process from hydrogen, and the 
termination of the part was carried out very much with fluoride. Then, gate dielectric film is 
formed in the surface of this silicon semiconductor substrate. 

[0029]By the way, if atmosphere before forming gate dielectric film based on a humidification 
oxidation style is made into a hot nitrogen gas atmosphere, roughness (unevenness) may arise on 
the surface of a silicon semiconductor substrate. Si-H combination formed by washing with 
hydrofluoric acid solution and pure water on the surface of a silicon semiconductor substrate 
such a phenomenon in part or again a part of Si-F combination. It is lost by temperature 
programmed desorption of hydrogen or fluoride, and it is thought that it originates in an etching 
phenomenon arising on the surface of a silicon semiconductor substrate. For example, it is 
indicated to the Baifukan issue, Tadahiro Omi work "ultra clean ULSI art", and the 21st page 
that intense unevenness will arise on the surface of a silicon semiconductor substrate if 
temperature up of the silicon semiconductor substrate is carried out in argon gas more than 600 
degreeC. 

[0030]If it is in a manufacturing method of a p type semiconductor element of this invention, By 
starting formation of gate dielectric film on the surface of a semiconductor layer with a 
humidification oxidation style, where a semiconductor layer is held to temperature from which an 
atom which mainly constitutes a semiconductor layer from the surface of a semiconductor layer 
is not desorbed in a process (A). It is possible to avoid generating of a phenomenon in which 
roughness (unevenness) occurs on the surface of such a semiconductor layer. As for 
temperature from which an atom which mainly constitutes a semiconductor layer from the 
surface of a semiconductor layer is not desorbed, it is desirable that it is the temperature from 
which combination with an atom which is carrying out the termination of the semiconductor layer 
surface, and an atom which mainly constitutes a semiconductor layer is not cut. When an atom 
which mainly constitutes a semiconductor layer is Si, a semiconductor layer A silicon 
semiconductor substrate, When it comprises a single crystal silicon layer, a polysilicon layer, or 
an amorphous silicon layer, It is desirable to make temperature from which an atom which mainly 



http://ww4.ipdl.inpit.go.jp^ 2010/07/09 



JP,2000-332245,A [DETAILED DESCRIPTION] 



Page 6 of 18 



constitutes a semiconductor layer from the surface of a semiconductor layer is not desorbed 
into temperature from which Si-H combination of a semiconductor layer surface is not cut, or 
temperature from which ShF combination of a semiconductor layer surface is not cut again. 
When a plane direction uses a silicon semiconductor substrate of (100) as a semiconductor layer, 
most hydrogen atoms in the surface of a silicon semiconductor substrate have combined with 
every one each of two joint hands of a silicon atom, and it has the termination structure of H- 
Si-H. it is alike and termination structure in the state where a hydrogen atom combined only with 
one joint hand of a silicon atom, or termination structure in the state where a hydrogen atom 
combined with each of three joint hands of a silicon atom exists in an appropriate portion (for 
example, stepper type Shigeru part) in which a surface state of a silicon semiconductor 
substrate collapsed. The remaining joint hand of a silicon atom is usually combined with a silicon 
atom inside a crystal. In the expression "Si-H combination" in this Description. Termination 
structures in the state where a hydrogen atom combined with each of two joint hands of a 
silicon atom, termination structures in the state where a hydrogen atom combined only with one 
joint hand of a silicon atom, or all the termination structures in the state where a hydrogen atom 
combined with each of three joint hands of a silicon atom are included. More specifically, it is 
[ beyond temperature that a steam does not dew on a semiconductor layer / more than 200 
degreeC ] preferably desirable [ temperature ], when starting formation of gate dielectric film on 
the surface of a semiconductor layer from a field of a throughput to use more than 300 degreeC 
more preferably. 

[0031]In a process (A), temperature of a semiconductor layer when formation of gate dielectric 
film is completed with a humidification oxidation style may be made higher than temperature of a 
semiconductor layer at the time of starting formation of gate dielectric film. In this case, 
temperature of a semiconductor layer when formation of gate dielectric film is completed is not 
600 thru/or 1200degreeC, and a thing limited to such a value although it is preferably desirable 
700 thru/or 1000degreeC, and that they are 750 thru/or 900degreeC still more preferably. 
Temperature up may be carried out stair-like (step form), or temperature up may be carried out 
continuously again. 

[0032]When performing temperature up in the shape of stairs, after starting formation of gate 
dielectric film with a humidification oxidation style on the surface of a semiconductor layer at 
temperature from which an atom which mainly constitutes a semiconductor layer from the 
surface of a semiconductor layer is not desorbed, The 1st gate-dielectric-film formation process 
that holds a semiconductor layer to a temperature requirement from which an atom which mainly 
constitutes a semiconductor layer from the surface of a semiconductor layer during the 
predetermined period is not desorbed, and forms gate dielectric film in it, It is preferred that the 
2nd gate-dielectric-film formation process that forms gate dielectric film further is included until 
it becomes desired thickness with a humidification oxidation style at a temperature higher than a 
temperature requirement from which an atom which mainly constitutes a semiconductor layer 
from the surface of a semiconductor layer is not desorbed. forming temperature of gate 
dielectric film in the 2nd gate-dielectric-film formation process — 600 thru/or 1200degreeC — 
it is preferably desirable 700 thru/or 1000degreeC, and that they are 750 thru/or 900degreeC 
still more preferably, in addition — as the maximum of the retention temperature range of a 
semiconductor layer in the 1st gate-dielectric-film formation process — 500degreeC — 
desirable — 450degreeC — 400 degreeC can be mentioned more preferably. Thickness of final 
gate dielectric film after passing through the 2nd gate-dielectric-film formation process should 
just be taken as predetermined thickness required of a semiconductor device.A thing thin as 
much as possible of thickness of gate dielectric film after passing through the 1st gate- 
dielectric-film formation process on the other hand is preferred. However, plane directions of a 
silicon semiconductor substrate used for manufacture of a semiconductor device are almost all 
cases (100), and however it may smooth the surface of a silicon semiconductor substrate (100), 
a level difference certainly called a step on the surface of silicon will be formed now. Although 
this step is usually a part for one layer of silicon atoms, depending on the case, a level difference 
for 2-3 layers may be formed. Therefore, as for thickness of gate dielectric film after passing 
through the 1st gate-dielectric-film formation process, when using a silicon semiconductor 
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substrate as a semiconductor layer (100), it is preferred to be referred to as 1 nm or more, but it 
is not limited to this. 

[0033]A temperature rising step may also be included between the 1st gate-dielectric-film 
formation process and the 2nd gate-dielectric-film formation process. In this case, it is desirable 
to consider it as an oxidizing atmosphere which makes atmosphere in a temperature rising step 
an inert gas atmosphere or a decompressed atmosphere, or contains a steam again. Here, 
nitrogen gas, argon gas, and gaseous helium can be illustrated as inactive gas. A halogen may 
contain in gas containing inactive gas or a steam in atmosphere in a temperature rising step. By 
this, much more improvement in the characteristic of gate dielectric film formed with the 1 st 
gate-dielectric-film formation process can be aimed at. Namely, when an atom which mainly 
constitutes a semiconductor layer is Si, a silicon dangling bond (Si-) and SiOH which are the 
defects which may be produced in the 1st gate-dielectric-film formation process react to a 
halogen in a temperature rising step, As a result of a silicon dangling bond's carrying out a 
termination or producing dehydration, these defects that are reliability degradation factors are 
eliminated. In particular, exclusion of these defects is effective to early gate dielectric film 
(silicon oxide) formed in the 1 st gate-dielectric~film formation process. Although chlorine, 
bromine, and fluoride can be mentioned as a halogen, it is desirable that it is chlorine especially. 
As a gestalt of a halogen contained in gas containing inactive gas or a steam, hydrogen chloride 
(HCI), CCI 4 , C 2 HCI 3 , Cl 2 , HBr, and NF 3 can be mentioned, for example, content of a halogen in 

gas containing inactive gas or a steam is based on a gestalt of a molecule or a compound — 
0.001 to 10 capacity % — desirable — 0.005 to 10 capacity % — it is 0.02 to 10 capacity % still 
more preferably. For example, as for hydrogen chloride gas content in gas containing inactive gas 
or a steam, when using hydrogen chloride gas, it is desirable that it is 0.02 to 10 capacity %. It 
can also be considered as atmosphere containing a steam diluted with inactive gas in 
atmosphere in a temperature rising step. 

[0034]An oxidizing atmosphere containing a steam under formation of gate dielectric film may be 
made to contain a halogen in a method of this invention. By this, gate dielectric film excellent in 
the time zero dielectric breakdown (TZDB) characteristic and the dielectric breakdown (TDDB) 
characteristic with the passage of time can be obtained. Although chlorine, bromine, and fluoride 
can be mentioned as a halogen, it is desirable that it is chlorine especially. As a gestalt of a 
halogen contained in gas containing a steam, hydrogen chloride (HCI), CCI 4 , C 2 HCI 3 , Cl 2 , HBr, and 

NF 3 can be mentioned, for example, content of a halogen in gas containing a steam is based on a 
gestalt of a molecule or a compound — 0.001 to 10 capacity % — desirable — 0.005 to 10 
capacity % — it is 0.02 to 10 capacity % still more preferably. For example, as for hydrogen 
chloride gas content in gas containing a steam, when using hydrogen chloride gas, it is desirable 
that it is 0.02 to 10 capacity %. 

[0035]In order to raise the characteristic of formed gate dielectric film further, in a 
manufacturing method of a p type semiconductor element of this invention, it may heat-treat to 
formed gate dielectric film after formation of gate dielectric film. 

[0036]In this case, it is desirable to make atmosphere of heat treatment into an inert gas 
atmosphere containing a halogen,, By heat-treating gate dielectric film in an inert gas atmosphere 
containing a halogen, gate dielectric film excellent in the time zero dielectric breakdown (TZDB) 
characteristic and the dielectric breakdown (TDDB) characteristic with the passage of time can 
be obtained. As inactive gas in heat treatment, nitrogen gas, argon gas, and gaseous helium can 
be illustrated. Although chlorine, bromine, and fluoride can be mentioned as a halogen, it is 
desirable that it is chlorine especially. As a gestalt of a halogen contained in inactive gas, 
hydrogen chloride (HCI), CCI 4 , C 2 HCI 3 , Cl 2 , HBr, and NF 3 can be mentioned, for example, content 

of a halogen in inactive gas is based on a gestalt of a molecule or a compound — 0.001 to 10 
capacity % — desirable — 0.005 to 10 capacity % — it is 0.02 to 10 capacity % still more 
preferably. For example, as for hydrogen chloride gas content in inactive gas, when using 
hydrogen chloride gas, it is desirable that it is 0.02 to 10 capacity %. 

[0037]Formation and heat treatment of gate dielectric film can be performed in the same 
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processing chamber, temperature of heat treatment — 700-1 200degreeC — desirable — 700- 
WOOdegreeC — it is 700-950degreeC still more preferably. It is preferred to consider it as 1 to 
10 minutes, when carrying out in a sheet process, and as for time of heat treatment, when 
carrying out in a batch type, it is preferably desirable for 10 to 40 minutes to consider it as 20 to 
30 minutes still more preferably for 5 to 60 minutes. 

[0038]When heat-treating, it is desirable to make ambient temperature at the time of heat- 
treating to formed gate dielectric film higher than temperature when formation of gate dielectric 
film is completed. In this case, after formation of gate dielectric film is completed and changing 
atmosphere in a processing chamber to an inert gas atmosphere, Temperature up may be carried 
out to ambient temperature for heat-treating, and after changing atmosphere to an inert gas 
atmosphere containing a halogen, temperature up may be carried out to ambient temperature for 
performing heat treatment.Here, nitrogen gas, argon gas, and gaseous helium can be illustrated 
as inactive gas. Although chlorine, bromine, and fluoride can be mentioned as a halogen, it is 
desirable that it is chlorine especially. As a gestalt of a halogen contained in inactive gas, 
hydrogen chloride (HCI), CCI 4 , C 2 HCI 3 , Cl 2 , HBr, and NF 3 can be mentioned, for example, content 

of a halogen in inactive gas is based on a gestalt of a molecule or a compound — 0.001 to 10 
capacity % — desirable — 0.005 to 10 capacity % — it is 0.02 to 10 capacity % still more 
preferably. For example, as for hydrogen chloride gas content in inactive gas, when using 
hydrogen chloride gas, it is desirable that it is 0.02 to 10 capacity %. 

[0039]Usually, RCA washing that NH 4 OH/H 2 0 2 solution washes and HCI/H 2 0 2 solution washes 

further before forming gate dielectric film on the surface of a silicon semiconductor substrate 
washes the surface of a silicon semiconductor substrate, After removing particles and a metal 
impurity from the surface, a silicon semiconductor substrate by hydrofluoric acid solution and 
pure water is washed. However, if a silicon semiconductor substrate is put to the atmosphere 
after that, the surface of a silicon semiconductor substrate will be polluted, . There is a 
possibility that moisture and an organic matter may adhere on the surface of a silicon 
semiconductor substrate, or Si atom of a silicon semiconductor substrate surface may combine 
with a hydroxy! group (OH) again. (For example) Document . "Highly-reliable Gate Oxide 
Formation for Giga-Scale LSIs by using Closed Wet Cleaning System and Wet Oxidation with 
Ultra- Dry Unloading", J. Yugami, et al., International Electron Device MeetingTechnical Digest 
95, and pp 855-858 Reference. In such a case, if formation of gate dielectric film is started in the 
state as it is, it can become a cause of characteristics degradation of moisture, an organic 
matter, or gate dielectric film that Si-OH was incorporated and was formed, or generating of a 
defective part into formed gate dielectric film again, for example. A portion of gate dielectric film 
in which defects [ defective part ], such as a silicon dangling bond (Si-) and Si-H combination, 
are contained, Or or Si-O-Si combination is curtailed by stress or an angle of Si-O-Si 
combination is thick again, a portion of gate dielectric film in which Si-O-Si combination of 
differing from an angle of Si-O-Si combination in silicon oxide of bulk was included is meant. So, 
in a manufacturing method of a p type semiconductor element of this invention in order to avoid 
generating of such a problem, Including a process of washing a semiconductor layer surface 
before formation of gate dielectric film, without putting a semiconductor layer after surface 
washing to the atmosphere. ( — namely,, making atmosphere from washing of a semiconductor 
layer surface to a start of a gate-dielectric-film formation process into an inert gas atmosphere 
or a vacuum atmosphere for example, — ) — it is preferred to perform formation of gate 
dielectric film. When a silicon semiconductor substrate is used, for example as a semiconductor 
layer by this, The termination of most is carried out from hydrogen, very much, gate dielectric 
film can be formed in the surface of a silicon semiconductor substrate which has the surface 
where the termination of the part was carried out with fluoride, and characteristics degradation 
of formed gate dielectric film or generating of a defective part can be prevented. 
[0040]When adopting a plasma oxidation method in formation of gate dielectric film, introduce 
hydrogen gas and oxygen gas in a processing chamber of a plasma treatment apparatus, but. 
Under the present circumstances, in order to prevent a detonating gas reaction from arising 
when hydrogen gas flows in a processing chamber and flows out out of a system, before 
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introducing hydrogen gas in a processing chamber, it is desirable to introduce oxygen gas. there 
is an appropriate possibility that it may be alike and an oxide film may be formed in a 
semiconductor layer by introduction into a processing chamber of oxygen gas. Such an oxide film 
is a dry oxidation film, and the characteristic is inferior to an oxide film formed by a 
humidification oxidation style in it. What is necessary is to introduce first hydrogen gas diluted 
with inactive gas, such as nitrogen gas, to rank second in a processing chamber, and just to 
introduce oxygen gas in a processing chamber, for example before a formation start of gate 
dielectric film, in order to prevent formation of such a dry oxidation film certainly. However, in 
this case, in order to prevent generating of a detonating gas reaction certainly, hydrogen gas 
concentration of hydrogen gas on oxygen gas, and concentration and a concrete target which do 
not burn. Below the range of detonation (in the case [ Capacity % with air a table the bottom ] 
below 18.3 capacity %) in inside of the air. It is below a stable combustion zone (when expressed 
with capacity % with air) in inside of the air preferably. It is desirable that below 4.0 capacity % 
considers [ below the range of detonation (in the case / Capacity % with oxygen a table the 
bottom / below 1 5.0 capacity %) in inside of oxygen ] it as concentration which becomes 
preferably below in a stable combustion zone (in the case [ Capacity % with oxygen a table the 
bottom ] below 4.5 capacity %) in inside of oxygen again. 

[0041] As a semiconductor layer, not only in a silicon semiconductor substrate called a silicon 
single crystal wafer, A ground which should form further gate dielectric film, such as an epitaxial 
silicon layer, a polysilicon layer or an amorphous silicon layer, and a thing by which a 
semiconductor device was formed in silicon semiconductor substrates or these layers, on a 
semiconductor substrate is meant. Not only when forming gate dielectric film in a semiconductor 
layer formed in a semiconductor substrate top or the upper part as forming gate dielectric film in 
a semiconductor layer, but a case where gate dielectric film is formed in the surface of a 
semiconductor substrate is included. A silicon single crystal wafer may be a wafer produced by 
what kind of methods, such as a CZ process, the MCZ method, the DLCZ method, and an FZ 
method, and hydrogen annealing could be added beforehand. A semiconductor layer may 
comprise Si-germanium. 

[0042]In this invention, since a layered product or a gate electrode is exposed to a steam and 
hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas with 
electromagnetic waves, a silicon layer can be oxidized at a temperature lower than the 
conventional post-oxidation. And since hydrogen gas is contained in atmosphere, it can control 
that a metal layer oxidizes. In addition, since a silicon layer can be oxidized at a temperature 
lower than the conventional post-oxidation, it can control effectively that boron atoms which are 
p type impurities pass gate dielectric film from a silicon layer, and reach even a semiconductor 
layer in an oxidation process after this. 
[0043] 

[Example]Hereafter, with reference to Drawings, this invention is explained based on working 
example. 

[0044](Working example 1) The key map of the plasma treatment apparatus of a sheet method 
suitable for operation of this invention is shown in drawing 1 . This plasma treatment apparatus is 
[ the processing chamber 10 and ] a semiconductor layer (in working example 1). It comprises 
the gas induction 16A, 16B, and 16C allocated by the stage 1 1 which lays the silicon 
semiconductor substrate 20, the magnet 13 allocated in the exterior of the processing chamber 
10, the microwave waveguide 14 attached to the crowning of the processing chamber 10, and the 
crowning of the processing chamber 10. The processing chamber 10 comprises the plasma 
production field 10A and the plasma treatment field 10B. 
The stage 1 1 is allotted to the plasma treatment field 10B. 

The lamp which is the heating method 12 for heating the silicon semiconductor substrate 20 is 
dedicated in the stage 11. The magnetron 15 is attached to the microwave waveguide 14, and by 
the magnetron 15 Microwave (1 GHz thru/or 100 GHz). (For example, 2.45-GHz microwave) is 
made to generate, and this microwave is introduced into the plasma production field 10A of the 
processing chamber 10 via the microwave waveguide 14. Hydrogen gas, oxygen gas, and nitrogen 
gas are introduced in the processing chamber 10 from each of the gas induction 16A, 16B, and 
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16C. Inactive gas (for example, nitrogen gas) is introduced in the processing chamber 10 from 
the gas induction 17 allocated in the side of the processing chamber 10. Various kinds of gas 
introduced in the processing chamber 10 is exhausted out of a system from the flueing part 18 
provided in the lower part of the processing chamber 10. The heater 19 for controlling the 
temperature inside the processing chamber 10 so that processing chamber 10 inside does not 
dew is allocated in the exterior of the processing chamber 10. 

[0045]A steam is made to generate in the plasma production field 10A by irradiating oxygen gas 
and hydrogen gas with microwave (1 GHz thru/or 100 GHz) (for example, 2.45-GHz microwave). 
Some steams are in the plasma state. In the plasma treatment field 10B, a silicon layer and a 
metal layer are laminated by this steam and hydrogen gas, and the layered product which the 
silicon layer exposed to the side is exposed to them, or a gate electrode is exposed to them 
again. 

[0046]When adopting a plasma oxidation method and forming gate dielectric film on the surface 
of a semiconductor layer, a steam is made to generate in the plasma production field 10A by 
irradiating hydrogen gas and oxygen gas with microwave (1 GHz thru/or 100 GHz) (for example, 
2.45-GHz microwave). In the plasma treatment field 10B, the semiconductor layer of a substrate 
face is oxidized using this steam. In [ when performing plasma nitriding processing ] the plasma 
production field 10A, The nitrogen molecules, the nitrogen-molecules ion, nitrogen atom, or 
nitrogen atom ion of an excitation state is made to generate by irradiating nitrogen system gas 
with microwave (1 GHz thru/or 100 GHz) (for example, 2.45-GHz microwave). The nitriding [ the 
surface of the gate dielectric film formed on the surface of the semiconductor layer ] in the 
plasma treatment field 1 0B. 

[0047]In working example 1, the silicon semiconductor substrate was used as a semiconductor 
layer. The plasma oxidation method was adopted in working example 1. The manufacturing 
method of the semiconductor device of this invention and the manufacturing method of a p type 
semiconductor element using the plasma treatment apparatus shown in drawing 1 are hereafter 
explained with reference to typical drawing 2 which is a sectional view in part - drawing 4 of 
silicon semiconductor substrate 20 grade. 

[0048][Process-10Q] first to the silicon semiconductor substrate 20 which is an N type silicon 
wafer (it produces in a CZ process) with a diameter of 8 inches which doped Lynn, forming the 
isolation region 21 which has LOCOS structure by a publicly known method — subsequently — 
a well — an ion implantation, a channel stop ion implantation, and a threshold adjustment ion 
implantation are performed. The isolation region may have trench structure and may be the 
combination of LOCOS structure and trench structure. Then, RCA washing removes the surface 
particles and metal impurity of the silicon semiconductor substrate 20, it ranks second, surface 
washing of the silicon semiconductor substrate 20 by hydrofluoric acid solution and pure water is 
performed 0.1%, and the surface of the silicon semiconductor substrate 20 is exposed (refer to 
(A) of drawing 2 ). Most is carrying out the termination of the surface of the silicon 
semiconductor substrate 20 from hydrogen, and the termination of the part is carried out very 
much with fluoride. 

[0049] [Process- 1 10] Next, after carrying in the silicon semiconductor substrate 20 from the 
door which is not illustrated to the plasma treatment apparatus shown in drawing 1 and laying it 
in the stage 1 1 , inactive gas (for example, nitrogen gas) is introduced in the processing chamber 
10 from the gas induction 17. And the silicon semiconductor substrate 20 is heated to 800 
degreeC by the heating method 12. 

[0050][Process-120] And the gate dielectric film 22 is formed in the surface of the silicon 
semiconductor substrate 20 which is a semiconductor layer. That is, introduction into the 
processing chamber 10 of the inactive gas (for example, nitrogen gas) as gas for dilution is 
interrupted, and hydrogen gas and oxygen gas are introduced in the processing chamber 10 from 
the gas induction 16A and the gas induction 16B. It combines, microwave power is supplied to 
the magnetron 15, and the microwave (1 GHz thru/or 100 GHz) (for example, 2.45-GHz 
microwave) generated by the magnetron 15 is introduced into the plasma production field 10A of 
the processing chamber 10 via the microwave waveguide 14. This, i.e., by irradiating hydrogen gas 
and oxygen gas with electromagnetic waves, an above-mentioned formula (1-1) - (1-4) a 
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reaction, and the reaction of a formula (2) and a formula (3) arise, and a steam generates. The 
steam by which it was generated arrives at the plasma treatment field 10B in which it is located 
down the processing chamber 10, and the surface of the semiconductor layer (specifically silicon 
semiconductor substrate 20) heated by the heating method 12 oxidizes. In this way, the 2-nm- 
thick gate dielectric film 22 can be formed on the surface of a semiconductor layer (refer to (B) 
of drawing 2 ). The formation conditions of the gate dielectric film 22 are illustrated to the 
following table 1. 
[0051][Table 1] 

Microwave power :10 kW microwave frequency: 2.45-GHz gaseous oxygen flow rate : 10SLM 
hydrogen gas flow : 0.2SLM substrate temperature : 800degreeC [0052][Process-130] The gate 
electrode 23 which the silicon layer 23A containing p type impurities and the metal layer 23C are 
laminated, and changes on the gate dielectric film 22 is formed after that. That is, if formation of 
the gate dielectric film 22 is completed, the silicon semiconductor substrate 20 will be cooled to 
a room temperature, stopping introduction of supply of the microwave power to the magnetron 
15, hydrogen gas to the processing chamber 10, and oxygen gas, and introducing inactive gas 
into the processing chamber 10 from the gas induction 17. 

Then, the silicon semiconductor substrate 20 is taken out from a plasma treatment apparatus. 
And the silicon semiconductor substrate 20 is carried in to a publicly known CVD system. And 
the silicon layer 23A (in working example 1, it is a polysilicon layer) having contained p type 
impurities (for example, boron) is produced on the whole surface with a CVD method. 
Subsequently, after producing the reaction inhibiting layer 23B which comprises WN, and the 
metal layer 23C which comprises tungsten one by one, based on a lithography technology and 
dry etching technology, the metal layer 23C, the reaction inhibiting layer 23B, and the silicon 
layer 23A are patterned. In this way, the gate electrode 23 shown in (C) of drawing 2 or the 
layered product which the silicon layer 23A and the metal layer 23C were laminated, and the 
silicon layer 23A exposed to the side again can be obtained. 

[0053][Process-140] Next, the layered product which the gate electrode exposed to the steam 
and hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas with 
electromagnetic waves, and the silicon layer 23A exposed to the side is exposed. That is, a back 
oxidation process is performed. After carrying in the silicon semiconductor substrate 20 again 
from the door which is not illustrated to the plasma treatment apparatus shown in drawing 1 and 
specifically laying it in the stage 1 1 , inactive gas (for example, nitrogen gas) is introduced in the 
processing chamber 10 from the gas induction 17. And the silicon semiconductor substrate 20 is 
heated to 400 degreeC by the heating method 12. If the temperature of the silicon 
semiconductor substrate 20 is stabilized, introduction into the processing chamber 10 of the 
inactive gas (for example, nitrogen gas) as gas for dilution will be interrupted, Hydrogen gas and 
oxygen gas are introduced in the processing chamber 10 from the gas induction 16A and the gas 
induction 16B, and argon gas is introduced in the processing chamber 10 from the gas induction 
16C. It combines, microwave power is supplied to the magnetron 15, and the microwave (1 GHz 
thru/or 100 GHz) (for example, 2.45-GHz microwave) generated by the magnetron 15 is 
introduced into the plasma production field 10A of the processing chamber 10 via the microwave 
waveguide 14. This, i.e., by irradiating hydrogen gas and oxygen gas with electromagnetic waves, 
an above-mentioned formula (1-1) - (1-4) a reaction, and the reaction of a formula (2) and a 
formula (3) arise, and a steam generates. The steam by which it was generated arrives at the 
plasma treatment field 10B in which it is located down the processing chamber 10, the silicon 
layer 23A exposed to the side of the gate electrode 23 or the silicon layer 23A exposed to the 
side of a layered product oxidizes, and the oxide film 24 is formed (refer to (D) of drawing 2 ). 
Although the formation conditions of the oxide film 24 are illustrated to the following table 2, the 
amount of supply of hydrogen gas is 8 times as more as the amount of supply of the oxygen gas 
into the processing chamber 10. As a result of becoming [ this ] a steam and hydrogen gas 
atmosphere, while the oxide film 24 is formed, the atmosphere of the plasma treatment field 10B 
can control oxidation of the metal layer 23C, and can oxidize the silicon layer 23A selectively by 
it. Since the oxide film 24 can be formed where substrate temperature is set to 400 degreeC, it 
can control effectively that the boron atoms contained in the silicon layer 23A pass the gate 
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dielectric film 22, and reach even the silicon semiconductor substrate 20. If formation of the 
oxide film 24 is completed, the silicon semiconductor substrate 20 will be cooled to a room 
temperature, stopping introduction of supply of the microwave power to the magnetron 15, 
hydrogen gas to the processing chamber 10, and oxygen gas, and introducing inactive gas into 
the processing chamber 10 from the gas induction 17. 

Then, the silicon semiconductor substrate 20 is taken out from a plasma treatment apparatus. 
[0054][Table 2] 

Microwave power :1 kW microwave frequency: 2.45-GHz gaseous oxygen flow rate : 0.01 LM 
hydrogen gas flow : 0.08SLM argon-gas flow: 1.91SLM substrate temperature : 400degreeC 
[0055][Process-150] P type impurities (for example, boron and BF 2 ) with ion implantation Next, a 
semiconductor layer. After pouring into silicon semiconductor substrate 20) and forming the low- 
concentration impurity range 25 in (concrete target (refer to (A) of drawing 3 ), form an insulation 
material layer in the whole surface, and an insulation material layer is etched into him based on 
anisotropic-dry-etching art, The sidewall 26 is formed in the side attachment wall of the gate 
electrode 23 (refer to (B) of drawing 3 ). Subsequently, after injecting boron ion into the silicon 
semiconductor substrate 20 with ion implantation, sauce / drain area 27 is formed by performing 
heat-of-activation processing of an impurity by which the ion implantation was carried out (refer 
to (C) of drawing 3 ). Then, produce the layer insulation layer 28 with a CVD method on the whole 
surface, and an opening is provided in the upper layer insulation layer 28 of sauce / drain area 
27, A wiring material layer is formed in a sputtering technique on the layer insulation layer 28 
including the inside of this opening, by patterning a wiring material layer, the wiring 29 can be 
formed and the typical p type semiconductor element which shows a sectional view in part can 
be obtained to drawing 4 . 

[0056](Working example 2) Working example 2 is modification of the manufacturing method of the 
p type semiconductor element of working example 1. The point that working example 2 is 
different from working example 1 continues [process-1 20], and is one of the points of performing 
plasma nitriding processing to the gate dielectric film 22. Except for this point, working example 2 
is the same as working example 1. 

[0057]The silicon semiconductor substrate 20 is cooled to a room temperature, stopping 
introduction of supply of the microwave power to the magnetron 15, hydrogen gas to the 
processing chamber 10, and oxygen gas after the completion of formation of gate dielectric film, 
and specifically introducing inactive gas into the processing chamber 10 from the gas induction 
17. Subsequently, introduction into the processing chamber 10 of the inactive gas from the gas 
induction 17 is stopped. Then, the nitrogen gas which is nitrogen system gas is introduced into 
the processing chamber 10 from the gas induction 16C. It combines, microwave power is supplied 
to the magnetron 15, and the microwave (1 GHz thru/or 100 GHz) (for example, 2.45-GHz 
microwave) generated by the magnetron 15 is introduced into the plasma production field 10A of 
the processing chamber 10 via the microwave waveguide 14. The nitrogen molecules of the 
excitation state generated this, i.e., by irradiating nitrogen gas with electromagnetic waves, at an 
above-mentioned formula (4-1) and reaction - (4-4), Nitriding [ nitrogen-molecules ion, a 
nitrogen atom, or nitrogen atom ion arrives at the plasma treatment field 10B in which it is 
located down the processing chamber 10, and / the surface of the gate dielectric film 22 ]. The 
conditions of plasma nitriding processing are illustrated to the following table 3. The Reason for 
making temperature of a silicon semiconductor substrate into a room temperature is for 
controlling that a nitrogen atom is spread in a silicon semiconductor substrate in nitriding 
treatment. 
[0058] [Table 3] 

Microwave power :1 kW microwave frequency: 2.45-GHz nitrogen gas flow : 0.4SLM pressure : 
0.16-Pa substrate temperature : Room temperature (25degreeC) 
[0059]Heat-treatment may be performed after performing plasma nitriding processing. 
Temperature up of the silicon semiconductor substrate 20 is carried out to 850degreeC by the 
heating method 12, stopping introduction of the nitrogen gas to the processing chamber 10 from 
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the gas induction 16C, and specifically introducing inactive gas into the processing chamber 10 
from the gas induction 17. And if the temperature of the silicon semiconductor substrate 20 
reaches 850 degreeC and the temperature is stabilized, heat-treatment will be performed for 5 
minutes by nitrogen gas flow 4SLM. By this heat-treatment, relaxation of the damage produced 
in gate dielectric film can be aimed at. 

[0060](Working example 3) Working example 3 is also modification of the manufacturing method 
of the p type semiconductor element of working example 1. Where the silicon semiconductor 
substrate 20 is heated to 800 degreeC in working example 1, gate dielectric film was formed by 
the plasma oxidation method, but in working example 3, two steps of oxidation are performed 
based on a plasma oxidation method. Namely, after starting formation of gate dielectric film on 
the surface of a semiconductor layer at the temperature to which the atom which mainly 
constitutes a semiconductor layer from the surface of a semiconductor layer is not desorbed 
from formation of gate dielectric film, The 1st gate-dielectric-film formation process that holds a 
semiconductor layer to the temperature requirement from which the atom which mainly 
constitutes a semiconductor layer from the surface of a semiconductor layer during the 
predetermined period is not desorbed, and forms gate dielectric film in it, Gate dielectric film 
consisted of the 2nd gate-dielectric-film formation process formed further until it became 
desired thickness at a temperature higher than the temperature requirement from which the 
atom which mainly constitutes a semiconductor layer from the surface of a semiconductor layer 
is not desorbed. The plasma treatment apparatus shown in drawing 1 also in working example 3 
is used. 

[0061][Process-300] The same process as [process-100] of working example 1 is performed 
first. 

[0062][Process-310] Next, after carrying in the silicon semiconductor substrate 20 from the 
door which is not illustrated to the plasma treatment apparatus shown in drawing 1 and laying it 
in the stage 11, inactive gas (for example, nitrogen gas) is introduced in the processing chamber 
10 from the gas induction 17. And the silicon semiconductor substrate 20 is heated to 300 
degreeC by the heating method 12. At this temperature, Si-H combination of a semiconductor 
layer surface is not cut Therefore, unevenness (roughness) does not arise on the surface of a 
semiconductor layer (in working example 3, it is the silicon semiconductor substrate 20). 
[0063][Process-320] Hydrogen gas and oxygen gas are introduced in the processing chamber 10 
from the gas induction 16A and the gas induction 16B, introducing the inactive gas (for example, 
nitrogen gas) as gas for dilution in the processing chamber 10 from the gas induction 17 after 
that. It combines, microwave power is supplied to the magnetron 15, and the microwave (1 GHz 
thru/or 100 GHz) (for example, 2.45-GHz microwave) generated by the magnetron 15 is 
introduced into the plasma production field 10A of the processing chamber 10 via the microwave 
waveguide 14. A steam generates by this. The steam by which it was generated arrives at the 
plasma treatment field 10B in which it is located down the processing chamber 10, and the 
surface of the semiconductor layer (specifically silicon semiconductor substrate 20) heated by 
the heating method 12 oxidizes. In this way, gate dielectric film (in working example 3, it is silicon 
oxide) can be formed on the surface of a semiconductor layer. The formation conditions of gate 
dielectric film are illustrated to the following table 4. In this 1st gate-dielectric-film formation 
process, 1-nm-thick gate dielectric film is formed. 
[0064][Table 4] 

Microwave power :10 kW microwave frequency: 2.45-GHz gaseous oxygen flow rate : 10SLM 
hydrogen gas flow : 0.2SLM inert gas flow rate : 10SLM substrate temperature : 300degreeC 
[0065][Process-330] Interrupting introduction of supply of the microwave power to the 
magnetron 15, hydrogen gas to the processing chamber 10, and oxygen gas, and continuing 
introduction into the processing chamber 10 of the inactive gas from the gas induction 17 after 
that. Temperature up of the silicon semiconductor substrate 20 is carried out to 800degreeC by 
the heating method 12. Since thin gate dielectric film is already formed on the surface of the 
semiconductor layer, in this temperature rising step, unevenness (roughness) does not arise on 
the surface of a semiconductor layer (in working example 3, it is the silicon semiconductor 
substrate 20). Subsequently, hydrogen gas and oxygen gas are again introduced in the processing 
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chamber 10 from the gas induction 16A and the gas induction 16B. It combines, and again, 
microwave power is supplied to the magnetron 15 and the microwave (1 GHz thru/or 100 GHz) 
(for example, 2.45-GHz microwave) generated by the magnetron 15 is introduced into the plasma 
production field 10A of the processing chamber 10 via the microwave waveguide 14. A steam 
generates by this. The steam by which it was generated arrives at the plasma treatment field 
10B in which it is located down the processing chamber 10, and oxidizes further the surface of 
the semiconductor layer (specifically silicon semiconductor substrate 20) heated by the heating 
method 12. In this way, gate dielectric film with a total thickness of 4 nm is formed on the 
surface of a semiconductor layer. The formation conditions of the gate dielectric film in this 2nd 
gate-dielectric-film formation process are illustrated to the following table 5. 
[0066][Table 5] 

Microwave power :10 kW microwave frequency: 2.45-GHz gaseous oxygen flow rate : 10SLM 
hydrogen gas flow : 0.2SLM inert gas flow rate : 10SLM substrate temperature : 800degreeC 
[0067][Process-340] by performing [process-130] of working example 1 - [process-150] 
henceforth, Or after passing through the plasma nitriding processing explained in working 
example 2 again, a p type semiconductor element can be obtained by performing [process-130] 
of working example 1 - [process-150]. 

[0068](Working example 4) Working example 4 is also modification of the manufacturing method 
of the p type semiconductor element of working example 1. The point that working example 4 is 
different from working example 1 is one of the points of heat-treating to the formed gate 
dielectric film, after forming gate dielectric film on the surface of a semiconductor layer. 
Hereafter, the manufacturing method of the p type semiconductor element of working example 4 
is explained. The plasma treatment apparatus shown in drawing 1 also in working example 4 is 
used. 

[0069][Process-400] By performing the same process as [process-100] of working example 1 - 
[process- 120], 2-nm-thick gate dielectric film is formed on the surface of a semiconductor layer 
(in working example 4, it is the silicon semiconductor substrate 20). 

[0070][Process-410] Temperature up of the silicon semiconductor substrate 20 is carried out to 
850degreeC by the heating method 12, stopping introduction of supply of the microwave power 
to the magnetron 15, hydrogen gas to the processing chamber 10, and oxygen gas, and 
introducing into the processing chamber 10 of the inactive gas from the gas induction 17 after 
that. Subsequently, the nitrogen gas which does 0.1 capacity % content of hydrogen chloride gas 
is introduced in the processing chamber 10 from the gas induction 17, and heat-treatment is 
performed for 5 minutes. By this, gate dielectric film excellent in the time zero dielectric 
breakdown (TZDB) characteristic and the dielectric breakdown (TDDB) characteristic with the 
passage of time can be obtained. 

[0071][Process-420] After that, the introduction to the processing chamber 10 of the nitrogen 
gas which does 0.1 capacity % content of the hydrogen chloride gas from the gas induction 17 is 
stopped, and inactive gas (for example, nitrogen gas) is introduced from the gas induction 17 to 
the processing chamber 10. Henceforth, a p type semiconductor element can be obtained by 
performing [process-130] [process-130] of working example 1 after passing through performing- 
- [process-150] or the plasma nitriding processing explained in working example 2 again - 
[process-150]. [ of working example 1 ] Heat-treatment of working example 4 may be added to 
two steps of gate-dielectric-film formation processes of working example 3. 
[0072](Working example 5) Working example 5 is also modification of working example 1. The 
point that working example 5 is different from working example 1 is one of the points which 
adopted the pyrogenic oxidation style as formation of gate dielectric film. 
[0073]The key map of the oxide film forming device of the vertical mold method for forming 
silicon oxide based on a pyrogenic oxidation style is shown in drawing 5 . The oxidation furnace 
30 (a processing chamber deserves) of the double pipe construction made from quartz with 
which the oxide film forming device of this vertical mold method was held perpendicularly, The 
gas induction 32 for introducing wet gas and /gas to the oxidation furnace 30, The flueing part 
33 which exhausts wet gas and /gas from the oxidation furnace 30, and the heater 34 for holding 
the inside of the oxidation furnace 30 to predetermined ambient temperature via the cylindrical 
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liner tube 36 which comprises SiC, The substrate taking-out admission into a club 40 and the 
gas induction 41 for introducing inactive gas, such as nitrogen gas, to the substrate taking-out 
admission into a club 40, it comprises the shutter 35 into which the flueing part 42 which 
exhausts gas from the substrate taking-out admission into a club 40, and the oxidation furnace 
30 and the substrate taking-out admission into a club 40 are divided, and the elevator 
mechanism 43 for carrying out carrying-in appearance of the silicon semiconductor substrate 20 
into the oxidation furnace 30. The quartz boat 44 for laying the silicon semiconductor substrate 
20 is attached to the elevator mechanism 43. Wet gas is made to generate by mixing and burning 
the hydrogen gas supplied to the combustion chamber 50 at an elevated temperature, oxygen 
gas and in the combustion chamber 50. This wet gas is introduced in the oxidation furnace 30 via 
the piping 51, the gas passageway 31, and the gas induction 32. The gas passageway 31 is 
equivalent to the space between the wall of the oxidation furnace 30 of double pipe construction, 
and an outer wall. 

[0074]The outline of the formation method of gate dielectric film based on a pyrogenic oxidation 
style which uses the oxide film forming device of the vertical mold method shown in drawing 5 is 
explained hereafter. 

[0075][Process~500] The same process as [process-100] of working example 1 is performed 
first. 

[0076][Process-510] Nitrogen gas is introduced to the oxidation furnace 30 via the piping 52, the 
combustion chamber 50, the piping 51, the gas passageway 31, and the gas induction 32, and the 
inside of the oxidation furnace 30 is made into a nitrogen gas atmosphere, and the ambient 
temperature of the oxidation furnace 30 is held before and after 700 degreeC with the heater 34 
via the liner tube 36. The shutter 35 is closed in this state. The substrate taking-out admission 
into a club 40 is in the state released by the atmosphere. And the silicon semiconductor 
substrate 20 is carried in to the substrate taking-out admission into a club 40, and the silicon 
semiconductor substrate 20 is laid in the quartz boat 44. After carrying in of the silicon 
semiconductor substrate 20 to the substrate taking-out admission into a club 40 is completed, 
the door which is not illustrated is shut, nitrogen gas is introduced into the substrate taking-out 
admission into a club 40 from the gas induction 41, it discharges from the flueing part 42, and the 
inside of the substrate taking-out admission into a club 40 is made into a nitrogen gas 
atmosphere. 

[0077][Process-520] When the inside of the substrate taking-out admission into a club 40 fully 
serves as a nitrogen gas atmosphere, the shutter 35 is opened, the elevator mechanism 43 is 
operated, the quartz boat 44 is raised, and the silicon semiconductor substrate 20 is carried in in 
the oxidation furnace 30. When the elevator mechanism 43 arrives at a maximum rising position, 
it stops being open for free passage by the base of the quartz boat 44 between the oxidation 
furnace 30 and the substrate taking-out admission into a club 40. 

[0078][Process-530] After that, temperature up of the ambient temperature of the oxidation 
furnace 30 of a nitrogen gas atmosphere is carried out, and it is referred to as 800 - 900 
degreeC. And oxygen gas and hydrogen gas are supplied in the combustion chamber 50 via the 
piping 52 and 53, The wet gas generated by mixing and burning hydrogen gas at an elevated 
temperature in oxygen gas and the combustion chamber 50 is introduced to the oxidation 
furnace 30 via the piping 51, the gas passageway 31, and the gas induction 32, and is exhausted 
from the flueing part 33. Gate dielectric film is formed in the surface of the silicon 
semiconductor substrate 20 of this. The temperature in the combustion chamber 50 is held to 
700-900 degreeC, for example with a heater (not shown). 

[0079][Process-540] After forming the gate dielectric film of desired thickness, stop supply of 
the oxygen gas into the combustion chamber 50, and hydrogen gas, and it ranks second, 
Introducing inactive gas, such as nitrogen gas, in the oxidation furnace 30, the ambient 
temperature of the oxidation furnace 30 is lowered till around 700 degreeC, it ranks second, the 
elevator mechanism 43 is operated, the quartz boat 44 is dropped, it ranks second, and the 
silicon semiconductor substrate 20 is taken out from the substrate taking-out admission into a 
club 40. 

[0080][Process-550] by performing [process-130] of working example 1 - [process-1 50] 
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henceforth, Or after passing through the plasma nitriding processing explained in working 
example 2 again, a p type semiconductor element can be obtained by performing [process-130] 
of working example 1 - [process-150]. Based on the pyrogenic oxidation style of working 
example 5, two steps of gate-dielectric~film formation processes explained in working example 3 
may be performed, and the heat-treatment explained in working example 4 may be added further. 

[0081 ]As mentioned above, although this invention was explained based on desirable working 
example, this invention is not limited to these working example. Various kinds of conditions and 
the structure of a plasma treatment apparatus where it explained in working example are 
illustration, and can be changed suitably. 

[0082]For example, in [process-330] of working example 3, temperature up of the silicon 
semiconductor substrate 20 may be carried out to 800degreeC by the heating method 12, 
without stopping introduction of supply of the microwave power to the magnetron 1 5, hydrogen 
gas to the processing chamber 1 0, and oxygen gas. Although temperature up of the temperature 
of the silicon semiconductor substrate 20 was carried out to 850degreeC by the heating method 
12 in [process-410] of working example 4, introducing inactive gas (for example, nitrogen gas) in 
the processing chamber 10 from the gas induction 17, Instead, temperature up of the 
temperature of the silicon semiconductor substrate 20 may be carried out to 850degreeC by the 
heating method 12, introducing the inactive gas (for example, nitrogen gas) which does 0.1 
capacity % content of hydrogen chloride gas, for example in the processing chamber 10 from the 
gas induction 17. Hydrogen chloride gas may be included in the atmosphere in each of the 1st 
gate-dielectric-film formation process, a temperature rising step, and the 2nd gate-dielectric- 
film formation process, for example. 

[0083]In working example, although the insulator layer was chiefly formed on the surface of the 
silicon semiconductor substrate, A p type semiconductor element can also be formed in the 
epitaxial silicon layer produced on the substrate based on this invention, and a p type 
semiconductor element can also be formed in a polysilicon layer or an amorphous silicon layer 
produced on the insulating layer formed on the substrate. Or a p type semiconductor element 
may be formed in the silicon layer in SOI structure again. The batch method which processes 
simultaneously not only a sheet method but two or more semiconductor layers can also perform 
formation of gate dielectric film and/or nitriding treatment to the surface of gate dielectric film, 
and post-oxidation. 

[0084]After hydrofluoric acid solution and pure water performed surface washing of the 
semiconductor layer 0.1% in working example, carried in the semiconductor layer to the plasma 
treatment apparatus or the oxide film forming device (these devices are hereafter called a 
plasma treatment apparatus etc. generically), but. Also considering the atmosphere to carrying in 
from the surface washing of a semiconductor layer to a plasma treatment apparatus etc. as an 
inactive gas (for example, nitrogen gas) atmosphere, it is good. Such an atmosphere makes 
atmosphere of the surface washing installation of a semiconductor layer an inert gas 
atmosphere, for example, And as a mimetic diagram is shown in the method of dedicating a 
semiconductor layer (for example, silicon semiconductor substrate) in the box for conveyance 
where it filled up with inactive gas, and carrying in to a plasma treatment apparatus etc., and 
drawing 6 , Cluster tool apparatus which comprised a carrying path, a loader, and an unloader, 
such as a surface washing installation and a plasma treatment apparatus, are used, From a 
surface washing installation to a plasma treatment apparatus can be tied with a carrying path, 
and it can attain by the method of making atmosphere of this surface washing installation, a 
carrying path, a plasma treatment apparatus, etc. an inert gas atmosphere. 
[0085]Or surface washing of a semiconductor layer may be performed with the gaseous phase 
cleaning method using anhydrous hydrogen fluoride gas again on the conditions illustrated to 
Table 6 instead of hydrofluoric acid solution and pure water performing surface washing of a 
semiconductor layer 0.1%. Methanol is added for the occurrence prevention of particle. Or 
surface washing of a semiconductor layer may be performed with the gaseous phase cleaning 
method using hydrogen chloride gas again on the conditions illustrated to Table 7. Inner 
atmosphere, such as atmosphere, a carrying path, etc. in the surface washing installation before 
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the surface washing start of a semiconductor layer and after surface washing completion, is good 

also as an inert gas atmosphere, and good also as a vacuum atmosphere about 1.3x10~ 1 Pa (10"" 

3 Torr), for example. In making inner atmosphere, such as a carrying path, into a vacuum 
atmosphere, What is necessary is to make atmosphere of the plasma treatment apparatus at the 
time of carrying in a semiconductor layer, etc. into the vacuum atmosphere for example, about 

1.3x10~ 1 Pa (1CT 3 Torr), and just to make atmosphere of a plasma treatment apparatus etc. into 
inactive gas (for example, nitrogen gas) atmosphere after the completion of carrying in of a 
semiconductor layer. 
[0086][Table 6] 

Anhydrous hydrogen fluoride gas: 300SCCM methanol vapour : 80SCCM nitrogen gas : 
1000SCCM pressure : 0.3-Pa temperature : 60degreeC [0087][Table 7] 

Hydrogen-chloride gas / nitrogen gas: 1 capacity % temperature : 800degreeC [0088]The result 
which can maintain the surface of a semiconductor layer at the state of being pollution-free, 
before formation of gate dielectric film by adopting these methods, It can prevent effectively the 
characteristic of moisture, an organic matter, or the gate dielectric film that Si-OH was 
incorporated again, for example and was formed falling into the formed gate dielectric film, or a 
defective part occurring. 

[0089]As explained previously, when adopting a plasma oxidation method, in formation of gate 
dielectric film, introduce hydrogen gas and oxygen gas in the processing chamber 10, but. Under 
the present circumstances, in order to prevent a detonating gas reaction from arising when 
hydrogen gas flows in the processing chamber 10 and flows out out of a system, in order to 
prevent a dry oxidation film from being formed in a semiconductor layer, and in order, For 
example, in [process-120] of working example 1, hydrogen gas of flow 0.2SLM is introduced in 
the processing chamber 10 from the gas induction 16A, introducing the inactive gas (for example, 
nitrogen gas) as gas for dilution of for example, flow 10SLM in the processing chamber 10 from 
the gas induction 17. 

For example, what is necessary is then, to start introduction of the oxygen gas of for example, 
flow 10SLM in the processing chamber 10 from the gas induction 16B, and just to stop 
introduction into the processing chamber 10 of the inactive gas for dilution. 
Subsequently, microwave power is supplied to the magnetron 15 and the 2.45-GHz microwave 
generated by the magnetron 15 is introduced into the plasma production field 10A of the 
processing chamber 10 via the microwave waveguide 14. By such operation, the hydrogen gas 
concentration in the processing chamber 10 before steam generation can serve as a value low 
enough, a detonating gas reaction can be certainly prevented from arising, and, moreover, 
formation of a dry oxidation film can be prevented certainly. 
[0090] 

[Effect of the Invention]Since a layered product or a gate electrode is exposed to the steam and 
hydrogen gas which were generated by irradiating oxygen gas and hydrogen gas with 
electromagnetic waves in this invention, As a result of being able to oxidize the exposed surface 
of a silicon layer at a temperature lower than the conventional post-oxidation, it can control 
effectively that the boron atoms which are p type impurities pass gate dielectric film from a 
silicon layer, and reach even a semiconductor layer in an oxidation process after this. And since 
hydrogen gas is contained in atmosphere, it can control that a metal layer oxidizes. 
[0091]If a plasma oxidation method is adopted, it becomes possible to perform formation of gate 
dielectric film, and post-oxidation within one plasma treatment apparatus intrinsically, formation 
of gate dielectric film and the device for post-oxidation can be managed with one, and an 
equipment configuration can be simplified. If a plasma oxidation method is adopted, it becomes 
possible to make a steam generate easily and certainly, where an oxidation rate is controlled and 
controlled, and thin gate dielectric film can be formed with a humidification oxidation style. And 
since an oxide film is formed with the oxidation style using a steam, the oxide film which has the 
outstanding dielectric breakdown (TDDB) characteristic with the passage of time can be 
obtained. 
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(57)Abstract: 

PURPOSE: To provide a manufacturing method of a 
semiconductor device wherein thermal load is reduced 
and gate breakdown strength is improved by lowering a 
process temperature. 

CONSTITUTION: This method is comprised of a process 
for forming a gate electrode 1 8 with a metallic layer 
single layer structure or a lamination structure including 
a metallic layer through a gate oxide film 13 on a silicon 
substrate 1 1 , a process for processing gas to plasma by 
exciting gas containing oxygen and hydrogen such as 
water and a process for selectively oxidizing the silicon 
substrate 11 without oxidizing a metallic layer 16 by 
using gas containing plasma oxygen or hydrogen. 
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